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Statement of Disclaimer
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requirements does not imply technical accuracy or reliability. Any use of information in this
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Abstract
The following report is a fire and hazard protection analysis of a new building. This new building
is a self-storage building called ATX Storage locate in Austin, TX. The prescriptive requirements
set by the codes and standards used at time of construction of the building have been met. The
building has been properly classified with respect to occupancy as S1, Group B and R-3 and
construction type II A Sprinklered. Appropriate design for interior partitions and exterior wall
have been identified. Interior finish requirements have been analyzed for a better
understanding of aesthetics guidelines. Based on the sprinkler drawing calculations, the fire
sprinkler system has an adequate supply of water from the public city supply plus a fire pump
was added to meet the demand of the standpipes. Some of the calculations presented did not
add up and mistakes were found on the drawings after review. The fire alarm system
implemented gives a full coverage to the safety of the building protecting the property and
stored valuables. Egress components are satisfactorily arranged for this low occupant building,
but there is an issue with the egress path from the apartment to the stairwell across the hall,
people have to cross the hall to access the stairwell door which makes them exposed to a
potential fire nearby.
A performance based analysis has been conducted. Activation of the fire suppression within the
storage unit is the goal of the performance base analysis to confirm if the prescriptive
requirements are enough to protect the storage unit, what is within the unit and the building
itself. Fire scenario 6 from NFPA 101, Life Safety Code, was chosen. This fire was modeled by
burning a mattress inside a storage unit that can potentially be full of different furniture items
and bags/boxes full of clothing. The result of this study found that the ASET, available safe
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egress time, exceeded the RSET, required safe egress time. Overall this building is different in
the fact that the overall goal is to protect the building itself not to protect the property inside
the building. Only a handful of occupants will be present at any given time and they will have
time to evacuate the building with enough time. The fire model is proof that in a scenario
where a mattress begins to burn inside a unit, the sprinkler system will activate leading the
emergency team to respond.
Recommendations for this building are to change the egress path from the apartment on the
fourth floor to the stairwell across the hall by connecting the doors through rated walls and not
have people exposed to fires and smoke as they cross the hall. Use different occupant load
factors for the storage units to prepare for worst case scenario instead of a N/A “value” this is
what the current standard calls for. Lastly, it is recommended that the fire suppression
calculations be updated since multiple mistakes were encountered.
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Project Introduction
As a student in the Masters of Fire Protection Engineering program at California Polytechnic
State University, I was tasked with choosing a building to analyze its fire and life safety features.
For this project a new self-storage facility called ATX Storage located in Austin, TX was selected.
The purpose of this report is to look at the prescriptive fire protection and life safety
requirements presented in the codes and standards applicable to ATX Storage. Codes and
standards are referenced to support the investigation throughout this paper.
A second major goal is to provide a performance- based analysis of crucial fire and life safety
components: the egress design, fire alarm system and the fire suppression system. The goal is
to discover whether the fire and life safety systems as design can ensure occupant safety and
property protection under realistic fire scenarios.

Figure# 1 ATX Self-Storage
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ATX Storage is a 4-story building, see Figure#1, that will offer climate control storage units to
the public. The building has an office space on the first floor at the entrance and a twobedroom apartment on the 4th floor towards the back of the building. An aerial view of ATX
Storage is seen below. In Figure #2, one can see how the building is positioned. The east and
south of the building are next to roads while the west side is next to a parking lot and the north
side is next to a building.

Figure #2 Aerial View of ATX Storage

ATX storage is a four-story building with 148,000 sq. ft. with 37,100 sq. ft. on each floor. The
building is 85 ft. tall. The fire protection for this building is composed of two systems, fire alarm,
and two types of sprinkler systems. The following section titled “ Use and Occupancy
Classification, Building Type and Fire and Smoke Protection Features” will present a layout of
each floor in the building.
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Features
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Use and Occupancy Classification, Building Type and Fire and Smoke
Protection Features
Selection of the building construction type based on the IBC Table 601 categories is one of the
most important aspects of the project since this selection will guide the life safety requirements
of the building. Fire and life safety requirements are greatly impacted by this selection as well
as the arrangement and uses within the building. This section will discuss the uses of ATX
Storage and determine if it meets the building type selected by its designers.
Applicable Building Codes2012 International Building Code
2012 International Mechanical Code
2013 NFPA 13 Sprinkler Systems
2015 Life Safety Code 101
2013 National Fire Alarm Code
2014 National Electrical Code
2012 International Fire Code
The fire-resistance rating requirements for building elements are presented on Table #1. Per
the drawings used to analyze the building, this building is a Type II A- Protected NonCombustible. IBC Table 601 lists the following rating requirements for this type of building. ATX
Storage meets these requirements.
10
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•

1 hour exterior walls

•

1 hour structural frame

•

1 hour floor/ceiling/roof protection
Table # 1 Fire-Resistance Rating Requirements for Building Elements

Occupancy Classification of ATX Storage is S1-Moderate Hazard Storage, Group-B Business and
Residential Group R-3. Fire-resistance rating requirements for exterior walls based on fire
separation distance is presented on Table #2. Here it states that based on ATX Storage
occupancy classification there must be a 5-10 feet distance separation from other buildings .
Table 2 Fire Resistance Requirements for Exterior Walls Based on Fire Separation Distance
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When looking at Figure # 3, it can be observed that the requirements from Table # 2 are met.
There is enough distance to the adjacent building.

Figure # 2 Aerial View of ATX Storage

Floor Layout and Exit Locations

The following section presents a summary of the key design features and system components
related to egress analysis and design for this self-storage unit in Austin, TX.
The first thing that can be observed when analyzing the egress design of this building is the
identification of the exits. Seen in Figure 3 and 4, the building layout drawing has been marked
to illustrate the locations of the exits. The Life Safety Code defines exit as “That portion of a
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means of egress that is separated from all other spaces of a building or structure by
construction or equipment as required to provide a protected way to travel to the exit
discharge.” Exits include exterior exit doors, exit passageway, horizontal exits, exit stairs and
exit ramps.
Exterior exit doors can be found on the first floor of this four-floor storage building. There are
two doors leading to the exterior in the office area. The building has two stairways each with a
door leading to the exterior. Stairway one is toward the front of the building near the office
area and stairway number two is toward the back of the building, leading to an exit discharge
on the back of the building. There is one more exit door near stair one. Floors two, three and
four only have the two stairway doors.

Floor 1

Figur # 3 Exits in ATX Storage
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Floor 3

Figure# 4 Exits in ATX Storage
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Occupancy Classification and Characteristics
A color-coded floor plan that distinguishes the following items was created:
•

Rooms/spaces with different occupancy classification

•

Service spaces, such as elevators, restroom, electrical and telecommunication rooms
and mechanical rooms

•

Exit access corridors and exit passageways

•

Vertical Exits

The color key details each space designation and the building layout of each floor is linked with
these colors as shown in Figure #5 and #6 below. This building has three different occupancy
classifications making it a mixed occupant building. Each definition per International Building
Code and Life Safety Code is presented:
GREEN= S1- Moderate Hazard Storage: (IBC)Books, cardboard, clothing, furniture, lumber, etc.
Storage Occupancy (LSC): An occupancy used primarily for the storage or sheltering of goods,
merchandise, products or vehicles.
PINK= Group B. Business: (IBC) Facilities for office, professional or service-type transactions,
including storage of records and accounts.
Business Occupancy (LSC): An occupancy used for the transaction of business other than
mercantile.
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PURPLE= Residential Group R-3: (IBC) One and two family dwellings. Adult/child care facilities
for <6 people for <24 hours. One -and Two-Family Dwelling Unit:(LSC) A building that contains
not more than two dwelling units with independent cooking and bathroom facilities.

Floor 1

Floor 2

Figure #5 Color- Coded Occupancy Classification
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Floor 4

Floor 3

Figure # 6 Color- Coded Occupancy Classification
Both the International Building Code and the Life Safety Code require each portion of the
building to be individually classified since it is a mixed-use occupancy building. The
requirements of the code shall apply to each portion of the building based on the occupancy
classification of that space. Per the IBC 508.4 Separate Occupancies, buildings or portions of
buildings that comply with the provision of this section shall be considered as separated
occupancies. Per Table #3, Required Separation of Occupancies, business occupancy and S-1 do
not require a rating separation. On the other hand, occupancies S-1 and R-3 do need 1-hour
occupancy separation. The biggest issue here is that the apartment occupants must travel
across the exposed corridor to get to the stairwell across the hall. The required separation
guidelines do not offer protection to those occupants, leading them to cross through a higher
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hazard area from the apartment through the hall and then into the rated stairwell. It is
recommended that the two door be connected by a rated corridor to protect occupants as they
exit the apartment to enter the stairwell door.
Table # 3 Required Separation of Occupancies

Determining the occupancy of each space plays a significant role in egress. Based on the
occupancy it can be determined how people will behave in an evacuation situation. Some of the
occupant characteristics that can affect egress can be noted as:
•

Number/density of people- Based on the storage occupancy we can conclude that not a

lot of people will be in the facility at one time. On a daily basis, a couple of employees will
be in the office area.
•

Familiarity with the Building-Patrons will mainly be transitory people visiting the

location occasionally. They will probably not be familiar with exit locations, warning systems
and emergency plans. The staff though, should be trained for a fire emergency. There is a
dedicated warden living in the building that is familiar with all the emergency requirements
that can assist patrons to evacuate.
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Occupant Load and Exit Capacity Calculations; Number and Arrangement of Means of
Egress
The methods used to perform occupant load and exit capacity calculations under the IBC and
LSC have been analyzed as well. These calculations are performed to verify one of the basic
prescriptive requirements of egress systems: Exit Capacity > Occupant Load.
For each floor of this storage building, the following requirements will be analyzed:
•

The occupant load of each floor/space

•

The exit capacity from each floor/space

•

Verify that the exit capacities are adequate for each floor/space

•

Verify that the arrangement of exits is appropriate

The occupant load in any building shall not be less than the number of persons determined by
dividing the floor area assigned to that use by the occupant load factor for that use as specified
in the occupant load factor tables found in the LSC and IBC and presented below as Table #4
and Table #5.
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Table# 4 IBC Table 1004.1.2

Table # 5 IBC Table 7.3.1.2
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The occupant load capacity calculations are shown below on Figure #7. This is a storage unit
building that is not expected to have a lot of people at any given time. We expect
people/employees in the office area and the warden living in the apartment located on the
fourth floor. In the apartment, we would expect 2 people to live though the occupant capacity
is 6 people gross. In the office area, a capacity of 7 people gross was calculated, but we would
expect about 4.
The required egress capacity is based on the occupant load. Where stairways serve more than
one story, only the occupant load of each story considered individually shall be used in
calculating the required capacity of the stairway serving that story. Here the exit capacity based
on the 40” width of the stairway is calculated to be 200 people. Based on this equation,
Fsm=18.5 people/minute/ft. and an effective width of 32”, 49 people can go down the stairs per
minute. The arrangement of the exits is appropriate since these are on opposite sides of the
building and clearly marked which is the requirement. If one exit was unavailable in a fire
scenario, the other stair would be able to be accessed for exit with enough capacity.
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Figure #7 Egress Time Calculation

Regulatory Requirements for Egress Systems
The additional prescriptive requirements for egress systems under the IBC and LSC are
described below. The following items were analyzed in the storage building.
•

Identify any horizontal exits that are used in the building

•

Identify required fire resistance ratings for corridors and stairways in the building
(Figures 9 and 10)

•

Identify where you would recommend placing exit signs on each floor
(Figures 9 and 10)
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Identify the interior finish requirements for exits; corridors and other spaces

Where the code requires an exit to be separated from other parts of the building, the
separating construction shall have a minimum 2-hour fire resistance rating where the exit
connects four or more stories (LSC 7.1.3.2.1). An exit enclosure shall provide a continuous
protected path of travel to an exit discharge. Corridors used as exit access and serving an area
having an occupant load exceeding 30 people shall be separated from other parts of the
building by walls having not less than 1- hour fire resistive rating (LSC 7.1.3.1). Since this is not
the case for the storage building, only the stairway enclosures need a 2-hour fire resistive
rating.
Exits, shall be marked by an approved sign that is readily visible from any direction of exit
access as seen on Figure 8. Exits shall be located and arranged so that exits are readily
accessible at all time. Where exits are not immediately accessible from an open floor area, exits
shall be arranged to provide access for each occupant to not less than the two exits by separate
ways of travel. Where more than one exit, exit access or exit discharge are required from a
building or portion thereof, such exits shall be remotely arranged located from each other to
minimize the possibility that more than one exit has the potential to be blocked.
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Figure # 8 ATX Storage Interior View
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Figure # 9 ATX Storage Rated Walls

Figure #10 ATX Storage Rated Walls
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Overview of Performance-Based Egress Design; Human Behavior in Fire
This section introduces the aspect of human behavior in fire and how it has an impact on
performance-based egress design. Based on the type of people expect to be in the building at
the time of a fire emergency we can break down the scenario to determine how they will react
and how these reactions will affect the evacuation time. Here we looked at the fundamental
principle of ASET>RSET (+MoS).
ASET: Available safe egress time
-Time from ignition until the tenability limit is reached
RSET: Required safe egress time
-Time from ignition until evacuation is complete
MoS: Margin of safety

When looking at RSET components which is the factor dealing with the actual time it would
take occupants to evacuate, one of the biggest components affecting this final time is how
people will behave. RSET equation:
Evacuation time =Time to notification+ reaction time + pre-evacuation activity time + travel
RSET begins with detection time once the fire has started and is large enough for detection.
Once it is large enough for detection, smoke detectors, fire alarms and or sprinklers will be
activated. Human perception can also contribute to detection if a person sees or smells the fire.
Notification time is the period that elapses from ignition until condition the fire develops to the
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point when an alarm or people begin to sense cues from the fire itself. From here we move into
the reaction time, which is the time from when an occupant perceives an alarm or fire cue until
the occupant decides to act. From this stage, the occupants move into pre-evacuation time.
This time includes the time from when an occupant decides to evacuate until the time when
the occupant actually starts to evacuate.
In this stage, we begin to analyze the people we expect to be in this building and how they will
react in an emergency. In this building, we would expect to have people working in the office
space, a few people either loading to move things out of storage or into storage. Also, there are
other people visiting their storage to pick up a few items. If during the day, the warden might
be home, but if during the night he will be making rounds around the building since no one is
there.
In a place like this building we would expect an alarm to go off in a fire emergency. When
people hear the alarm, they wouldn’t immediately react to evacuate the building, but instead
they would figure out if it is a real fire. Since most of the people in the building would be
expected to be visitors, they will not be familiar with their surroundings and would not know
that there are only two stairway exits at opposite sides of the building. The people would begin
to look for exits signs and follow the stairs down until they got outside. The employees in the
office area have easier access to exits nearby if they are not on the other three floors.
If a fire started at night, the warden living there would be able to exit the building much faster
as he would be familiar with the building. He would first hear the alarm and assess if there is a
real fire. The warden will be familiar with training and protocol to follow for a fire emergency.
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People are more likely to hear an alarm and not take immediate action thinking it is a false
alarm. A place like this building will typically not be crowded with only a few people around,
therefore when an alarm goes off people will look around instead of acting.

Emergency Movement
Next, the total evacuation time for the building is estimated.
Looking at the empirical evacuation time relationship developed by
Paul’s experiment shown in Figure #11 and assuming we had
minimum 200 ppl/meter of effective stair width in this building, the
average estimated evacuation time would be 3.36 minutes. The
assumptions behinds Paul’s data are that:
Figure #11 LSC Observed evacuation Times

1. all people will start to evacuate at the same instant time
2. occupant flow will not involve any interruption caused by decisions of the individuals
involved
3. All or most people involved are free of disabilities that would significantly impede their
ability to keep up with the group
For this storage building these assumptions would not apply. The data Paul put together was
based on tall building of minimum 8 stories tall and therefore it is why it differs from the value
calculated earlier in Figure #7. The storage building is only 4 stories. Also, people would not
typically immediately take evacuation action.
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Using implicit evacuation time analysis calculations
assuming a specific flow of Fsm= 18.5 ppl. /min/ft. and
exit capacity of 0.2 in/ppl, we calculate an implicit
evacuation time of
➢ 0.2 in/ppl=5ppl/in. = 60 ppl/ft. of actual width
➢ 60 ppl/ft.(act) / 18.5 ppl/ft.(eff) = 3.24 min *2.67 ft.(eff)
/ 3.67 ft. (act) =2.4 min

From these calculations, we have an evacuation range time of 2.4 min- 3.36 min. From the
higher value taking into consideration a taller building and the lower value taking into
consideration data take from Table #6.

Tenability Analysis
An appropriate tenability performance criteria for the storage building was identified
considering the occupant characteristics associated with the building.
Performance objectives outline in Section 502 of the Life Safety Code:
5.2.1 General- A design shall meet the objectives specified in Section 4.2 if, for each design fire
scenario assumptions, and design specification, the performance criterion in 5.2.2 is met.
4.2 Objective- (4.2.1) Occupant Protection, (4.2.2) Structural Integrity, (4.2.30 Hazardous
Material Emergencies Protection, (4.2.4) Physical Violence Mitigation and (4.2.5) Systems
Effectiveness.
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5.2.2 Performance Criterion- Any occupant who is not intimate with ignition shall not be
exposed to instantaneous or cumulative untenable conditions.
One of the major concerns with self-storage buildings is the large amount of sometimes densely
packed, combustible contents and the unknown hazardous

Table # 7 Hazardous Contents Found at Self-Storage Fires

materials or liquids stored within, like the ones listed on Table
#7. Overall, most self -storage facilities are safely and securely
managed. The person renting signs an agreement which
prohibits among other things the storage of flammable
liquids, gases, or other hazardous chemical materials. But
unless the proprietor visually inspects the storage items,
renters may store prohibited items anyway. Many fires occur
because of noncoded-compliant storage of hazardous
materials.
Tenability Performance Criteria
➢ Smoke obscuration
o Visibility through smoke
➢ Irritant concentration/doses
o Primary irritant acid gases (HCl,HBr,HF)
o A self-storage unit has the possibility of containing these irritant acids
➢ Asphyxiant concentrations/ doses
o Primary asphyxiants are CO, HCN
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➢ Thermal environment
o Radiant heat flux
o Gas temperature
The main tenability limits for ASET are conditions that cause incapacitation of occupants such
that they are unable to escape. Taking into consideration the possibility that both these irritant
and asphyxiant gases will be present in a worst-case scenario, the analysis of such scenario is
aimed at estimating the probability that occupants will be able to escape prior to untenability.
It is also aimed at estimating the risk of injury and death throughout the life of the building.
Solutions to preventing or minimizing such outcomes are likely to involve a variety of
interventions other than modification of toxic yield from the fuels involved like improving
warning systems, modifying structural design or installing active systems. This building has the
required prescriptive number of exits, exits signs, ratings, alarm system and smoke detectors
that are expected to be enough prevent casualties in a fire scenario.

Summary
In summary, this section analyzed the different aspects behind egress design. It all starts with
the purpose of the building, the size of it and how many people will be able to be in each space.
It is required of a good design to provide the people in the building all the tools they need to
escape in a fire scenario. The kind of people expected to occupy the space also plays a
significant role in egress. Based on the type of people, more exit tools or a different design
might have to be implemented. The people need to exit before untenability occurs, the goal is
for them to avoid smoke obscuration and inhaling toxic gases that lead them to become
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incapacitated. The next section of the report will discuss the interior finish and flammability
assessment.

32

ATX Storage

Salcedo, Perla

ATX Storage
Fire and Life Safety Analysis
Section 3: Interior Finish and Flammability Assessment
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Interior Finish and Flammability Assessment

Ensuring that the ATX Self Storage building is well designed and safe can be easily diminished if
attention is not given to details like interior finishes. One potential hazard that reduces the
safety of the building involves the interior finished materials used in the building. Flammability
of interior finish materials must be taken into consideration when selecting what will be used to
avoid using products that can generate excessive amount of toxicity, smoke and heat in a fire
scenario. In this section the prescriptive code requirements for interior finishes along with the
tests behind there regulations will be discussed. One of the tests behind these regulations is
ASTM 84. An overview of this standard will be presented so a better understanding of the
regulation behind interior finishes can be followed.
Chapter 8 of the IBC contains the performance requirements for controlling fire growth and
smoke propagation with buildings by restricting interior finish and decorative materials. The
provisions of the chapter require materials used as interior finishes and decorations to meet
certain flame spread index or flame spread propagation criteria and smoke development
criteria based on the relative hazard associated with the occupancy.

Wall and Ceiling Finishes
Section 803.1.1 requires the ceiling and wall finishes to be classified under one of the following
tests: NFPA 286, ASTM E84/ UL 723 or NFPA 265. The criteria for these standards are as
follows:
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Figure 9 IBC Section 803 NFPA 286 Acceptance Criteria

Figure 8 Section 803 ASTM E84 or UL 723 Acceptance Criteria

Figure 7 Section 803 NFPA 265 Acceptance Criteria

IBC Section 803.11 and Table 803.11 specify the finish requirements with respect to ASTM E84
base on occupancy. Interior wall and ceiling shall have a flame spread index not greater than
the specified in Table #8 for the group and location designated. This building has a complete
35
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new sprinkler system and the mix occupancies are Group B, S-1 moderate hazard storage and
group R-3 residential.

Table # 8 IBC Table 803.13

Interior Floor Finish
Section 804 of the IBC details the requirements for interior floors. In all occupancies, interior
finish and floor covering martials in enclosures for stairways and ramps, exit passageway,
corridors and rooms or spaces not separated from corridors by partitions extending from the
floor to the underside of the ceiling shall withstand a minimum critical radiant flux. The
minimum critical radiant flux shall not be less than class 1 in Groups I-1, I-2 and I-3 and not less
than class II in Groups A, B,E,H,I-4,M,R-1.R-2 and S.
36
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These requirements are based on testing, the test referenced on these sections and applicable
to the ATX Self Storage is ASTM E 84. This section talks about what this test is so the reader
understands why these regulations have been placed.
ASTM 84 is known as the Steiner Tunnel Test and is a flame spread assessment. From this test a
flame spread and smoke development index are assigned to the material testing. The test
consists of a material sample mounted to the ceiling of the test enclosure. At one end, the
sample is exposed to 79 K gas burner and air is forced throughout the apparatus at a rate of 1.2
meters/second. Based on how the material behaves in this test the material is ranked from 0 to
100. To grasp a better understanding of what these ranking values mean, as a reference the
rating of 0 is set by flame spread and smoke development characteristics of inorganic cement
board. The rating of 100 refences the flame spread and smoke development of red oak flooring.
Basically, a lower score is better than a higher score for a material in a sense that a lower score
means less smoke development and a slower flame spread.
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Table # 9 Information on Construction Requirements

http://sfm.dps.louisiana.gov/doc_flamespread.html

Summary
When looking at the interior finishes in ATX Self Storage, the building is very simplistic. The
floors are concrete and the walls are gypsum wall board. Looking at the flame spread rating for
these materials, the interior finishes based on ASTM 84 must meet Class B and C. From Table #9
it can be observed that the materials used have a much smaller flame spread index than the
maximum regulation. In conclusion, ATX Self Storage meets the interior finish and flammability
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assessment guidelines. The following section will discuss the automatic sprinkler system in the
building.
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ATX Storage
Fire and Life Safety Analysis
Section 5: Automatic Fire Sprinkler System
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Automatic Fire Sprinkler System
Every component of the fire response system is essential to saving lives and protecting
property. Fire sprinkler systems often serve as the first line of defense against smoke and fires
preventing the spread of the fire beyond the immediate area of origin until the fire can
extinguished. The fire can be extinguished by either the sprinkler system alone or with
intervention from firefighting personnel. This section will review the fire sprinkler system
design requirements for the ATX Self Storage building.

Code Requirements for Automatic Sprinkler in these New Buildings
Group R-3 residential occupancy classification requires an automatic sprinkler system installed
in accordance with Section 903.3.1.3 of the IBC. The main occupancy of this self-storage
building is F-1, moderate hazard storage. Per IBC section 903.2.4, an automatic sprinkler system
shall be provided throughout the building where “A Group F-1 area is located more than three
stories above grade plane.”
NFPA 13 defines an automatic sprinkler as “A fire suppression or control device that operates
automatically when its heat-activated element is heated above its thermal rating, allowing
water to discharge over a specific area. A wet pipe fire sprinkler system and a dry pipe sprinkler
system were designed for the ATX Self Storage building. A wet pipe sprinkler system is defined
as “A sprinkler system employing automatic sprinklers attached to a piping system containing
water and connected to a water supply so that water discharges immediately from sprinklers
opened by heat from a fire.” A dry pipe sprinkler system is defined as “A sprinkler system
employing automatic sprinklers that are attached to a pipping system containing air or nitrogen
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under pressure, the release of which (as from the opening of a sprinkler) permits the water
pressure to open a valve, and the water then flows into the piping system and out of the
opened sprinklers. The water source used supply these sprinkler systems in this design come
from the city supply plus a fire pump. Details regarding these components will be reviewed in
this section, along with drawings and layout details shown on Figures # 12- #15.
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Figure # 12 First Floor Sprinkler Layout
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Figure #13 Second Floor Sprinkler Layout
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Figure # 14 Third Floor Sprinkler Layout
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Figure #15 Fourth Floor Sprinkler Layout
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Water Supply Analysis
Water will be supplied to the sprinkler system by a combination of the public water supply and
a fire pump meeting one of the options listed in NFPA 13 Section 24.2.1. “Water supplies for
fire sprinkler system shall be one of the following or any combination: (1) A connection to an
approved public or private waterworks system in accordance to 24.2.2 (2) A connection
including a fire pump in accordance with 24.2.3”. ATX Storage has one Fire Department
connection located on the first floor in the pump room towards the back of the building, seen
on Figure #14.

Figure # 14 Location of Fire Department Connection 1st Floor

The project drawings, Table #10, indicate that the flow test data for the water supply reported
a static pressure of 56.0 psi and a residual pressure of 52.0 psi with approximately 1540 gallons
per minute flowing. The test was performed at a hydrant near the property line of the storage
building seen on Figure #15.
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Figure #15 Test Hydrant Location
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Table #10 Flow Test Data Result

Figure 10 Water Supply Curve
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NFPA 13 provides the requirements for the design of fire sprinkler systems. The basic outline
for fire sprinkler design is as follows:
•

Section 5.11 and 5.1.2 Identify the occupancy/ hazard group for the most hazardous
conditions expected. This occupancy/hazard classification will be applied to the fire
sprinkler system design only

•

Determine the water demand based on section 11.1.4.1 which provides three different
options

•

Provide hydraulic calculations demonstrating that the available water supply is
adequate based on Chapter 23

ATX Self -Storage will contain light hazard occupancy to ordinary hazard (group 2) category
hazards.
•

5.2 Light Hazard Occupancies- Light hazard occupancies shall be defined as occupancies
or portions of the other occupancies where the quantity and/ or combustibility of
content is low and fires with relatively low rates of heat release are expected.

•

5.3.2.1 Ordinary (Group 2) occupancies shall be defined as occupancies or portions of
other occupancies where quantity and combustibility of contents are moderate to high,
stockpiles of contents with moderate rates of heat release do not exceed 12ft (3.66 m),
and stockpiles of contents with high rates of heat release do not exceed 8 ft. (2.4m)

The design team responsible the fire protection of the building selected option 1 of section
11.1.4 water demand. (1) Occupancy hazard fire control approach and special design
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approaches of Chapter 11. This analysis will consider the different aspects of this option which
includes density/area curves and density/area method of Figure #16.

Figure #16 NFPA 13 Density/Area Curve
The two hydraulically most remote areas selected for the sprinkler demand analysis are shown
below on Figure #17. These two areas are located on the first floor of the building. As shown in
Figure #19, Area #3 is located towards the front of the building, which is the office area with a
light hazard occupancy classification. The second hydraulically most remote area, Area #5 in
Figure #21 is located towards the back of the building. Area #5 is a dry pipe system and is
composed of a line on storage units as seen in Figure #21. These areas were selected by the
designers of the sprinkler system and their work in presented here for review. One of the issues
the system might face is pushing water all the way to the fourth-floor sprinklers. Since these
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calculations are based only on remote areas located on the first floor, no evidence is presented
to support the delivery of water to the fourth floor.

Figure #17 Hydraulically Most Remote Areas (1st floor)
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Area #3 as called out on the drawings is classified as a light hazard occupancy. Using the density/area method, the area will use a
sprinkler water density of 0.10 gpm/ft2. A total of 10 heads flowing were used for this area hydraulic information. The total water
required totaled 312.9 gallons and total pressure required totaled 30.7 psi .

Table 11 Remote Area 3 Hydraulic Information

Figure #18 Type of sprinkler in Area 3

Figure #19 Close up of Area 3
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Remote dry pipe Area #5 is shown in Figure # 21 along with the hydraulic information on Table #12. The occupancy classification
was determined to be FM storage which translates to ordinary hazard 2 with a density of 0.20 gpm/ft 2 covering an area of 2600 ft2 .
From the chart below it can be observed these numbers are flipped and a mistake was made. This needs to be corrected. From the
calculations, the total water required for this section demand totaled 552.5 gallons for 23 total heads flowing. The total pressure
added up to 12.3 psi. These calculated numbers are from the drawings below, not from me. There are multiple mistakes that were
found like density. The calculated pressure of 12.3 psi can possibly be incorrect. The total hose streams value is presented as 0.0
which can also be a mistake. From the drawing we do not know the actual value of the hose streams as other than the value prested
in Table #12.

Table #12 Remote Area 5 Hydraulic Information

Figure #21 Close up of Area 5

Figure #20 Type of Sprinkler in Area 5
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Upright and pendant quick response sprinkler head are used in this building, Table #13. Upright
sprinkler heads point up toward the ceiling of the
facility instead of downward direction of the
pendant heads, Figure #22. These heads are
generally used in mechanical rooms or other
inaccessible rooms. They are used to provide
better coverage between obstructions like air ducts

Figure #22 Sprinkler Heads

or in this case stored items. Pendant sprinkler heads are more common
and extend from the ceiling to provide as much coverage as possible. When these heads
activate, a stream of water is sent downward onto the deflector, which disperses the water
throughout the room.

Table #13 Types of Sprinklers used Throughout the Building

Based on remote Area #3 in Figure #19 the hydraulic demand can be modeled as shown on the
water supply graph below in Figure #23. From the graph, it can be observed that water supply
meets the demand of the sprinklers.
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Figure #23 Sprinkler Demand Graph

The fire suppression system in this building also includes two Class 1 standpipes. These are
located in the stairwells, one on each of the two stairwells Figure #25 and Figure #26. The first
sandpipe is required to deliver 500 gpm plus 250 gpm for each additional standpipe. Since in
this system there are two standpipes a total of 500+250= 750 gallons per minute are required
to supply the demand of the standpipes. Additionally, the water supply shall be capable of
providing the minimum rate for 30 minutes. To help meet the standpipe demand a fire pump,
Figure #24, capable of 500 gpm at 60 psi was added. The pump is located in the mechanical
room on the first floor toward the back of the building. The second water supply graph seen
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below shows the demand of the standpipe and how only the public water supply would have
not been enough for the demand the standpipes exercise. With the addition of the pump the
demand is met.

Figure #24 500 gpm @60 psi Fire Pump
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Figure #25 Standpipe 2
Figure #26 Standpipe 1
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Figure #27 Standpipe Demand + Fire Pump Graph
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Inspection, Testing and Maintenance Requirements
NFPA 13 Chapter 25 provide the guidelines for acceptance testing of the fire sprinkler systems.
A hydrostatic test will be required for the wet pipe system in ATX Storage. The test procedure is
outlined in NFPA 13 Section 25.2.1. Routine inspection and maintenance requirements are
detailed in NFPA 25. Table 5.1.1.1 provides a summary of the system components that must be
inspected, the frequency of inspection, and a reference to specific inspection requirements. For
the we pipe sprinkler system inspections will need to follow a schedule of 4 inspections per
year, with 3 quarterly inspection and one annual inspection. Every 5 years, the annual
inspection is to by a 5-year inspection. NFPA 25 establishes minimum requirements for the
periodic inspection of dry sprinkler systems. NFPA 25’s inspection requirements are ongoing,
maintaining weekly and even daily interactions with the dry system during cold temperatures.
The inspection involves a visual of the system status, looking to see if its free of physical
damage and appears to be in operating condition.

Summary
ATX Self Storage is a new building that has a completely new suppression system throughout
the building. The suppression system is composed of a dry pipe and a wet pipe sprinkler system.
The dry pipe system is for spaces that are accessed from the exterior while the wet pipe system
is on each floor. The sprinkler system uses two different sprinkler heads, pendent and upright
based on the type of space where these are at. The water demand based on the most remote
hydraulic areas is met by the public water supply. A fire pump was added to the suppression
system to meet the demand of the two standpipes. These standpipes are Class 1 standpipes
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located in the stairwells. Based on the calculations presented on these drawings by the
designers, the water demand of this building is met by the city supply to support the sprinklers
and by the pump which was added to support the supply of the standpipes. The biggest issued
with these calculations is that no remote areas were selected on the fourth floor, which makes
it difficult to prove if the system will be able to push water all the way to the fourth floor. The
next section of this report reviews the fire detection and alarm system of this building.
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Fire Detection and Alarm Systems
The following section presents a summary of the key design features and system components
related to the fire detection, alarm and communication systems designed for this self-storage
building in Austin, TX.
NFPA 101 Detection, Alarm and Communication Systems section 42.3.4.1 states “…A fire alarm
system shall be required in accordance with section 9.6 for storage occupancies…”
The Appendix presented at the end of this report shows the floor plans for each level of the
building, ground floor through fourth floor. These drawings identify the important features of
the fire alarm system installed on each level. The building has a complete manual and
automatic fire alarm system installed in all areas of all floors.
The Fire Alarm Control Panel is located on the first floor in the electrical room. This Fire Alarm
Control Panel is manufactured by Silent Knight manufacturer and the model number is 5808.
More details are presented on the cut sheets found in the Appendix at the end of the Fire and
Alarm Systems analysis.

Types and Locations of Initiating Devices
For this module, the requirement is to identify the types and locations of initiating devices
installed in the building. Please refer to fire alarm plans for each floor, located in the Appendix
at the end of the Fire and Alarm Systems analysis for type and location of each detection
device.
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The first detection devices identified in the Fire Alarm drawings are ceiling mounted area
smoke detectors. There is a total of twelve smoke detectors throughout the facility. Some are
mounted in housing with duct probes where they are used as duct smoke detectors. These
smoke detectors are all manufactured by Silent Knight manufacturer with model SK-PHOTO.
The cut sheet provided in the Appendix at the end of the Fire and Alarm Systems analysis
details the smoke detectors used in the storage building.
The second type of detection device identified in the ATX Storage building are ceiling mounted
heat detectors. As with the smoke detectors in this building, these heat detectors are
manufactured by Silent Knight, model SK-HEAT.
For the residential apartment located on the fourth floor of the building NFPA 101 Chapter 24
requires smoke alarms installed in accordance with 9.6.2.10 in all sleeping rooms.
The third type of fire detection devices found in the building are the wet -pipe fire sprinkler
system heads. The sprinkler system includes wet pipe systems on each floor and a dry pipe in
the spaces that are accessed from the exterior. The sprinkler system was installed in
accordance with the 2012 IBC/IFC Section 903.3.1.1 and the 2013 edition of NFPA 13 Sprinkler
Systems. In the building, there are two types of sprinklers, upright and pendent and both are
quick response. The brand and model are Victaulic Firelock model v2704 quick response, K5.6.
sprinkler.
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Location, Spacing and Placement of the Fire Detection Devices Installed
NFPA 72 Chapter 17 Section 17.6.3.1.1 requires that option one or two are met (1) The distance
between detectors shall not exceed their listed spacing, and there shall be detectors within a
distance of one half the listed spacing, measured at right angles from all walls or partitions
extending upward to within the 15 percent of the ceiling height. (2) All points on the ceiling shall
have a detector within a distance equal to or less than 0.7 times the listed spacing (0.7S)
As per Chapter 17 Section 17.6.3.3.1 spot-type heat-sensing detectors shall be located on the
ceiling not less than 4 in. (100 mm) from the sidewall or on the sidewalls between 4 in. and 12
in. (100 mm and 300 mm) from the ceiling.
The SK-Heat Intelligent Plug -In Temperature Sensor is installed in compliance with the control
panel system installation manual and in compliance with NFPA 72. Model SK-Heat is an
intelligent sensor that utilizes a state-of-the-art thermistor sensing circuit for fast response.
These sensors are designed to provide open area protection with 50-foot spacing capability as
approved by UL 521. Model SK-Heat is a fixed temperature sensor with 135 ◦F fixed
temperature alarm.
The SK-Photo Intelligent Photoelectric Smoke Sensor (smoke detector) is installed in compliance
with the control panel system installation manual and in compliance with NFPA 72. In low air
flow applications with smooth ceiling, sensors are spaced 30 feet apart. SK-Photo are also used
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in ducts. Please see the building drawings in the Appendix at the end of the Fire and Alarm
Systems analysis for placement of heat and smoke detectors.

Analysis of Fire Detector Response
In this section, a fire scenario is identified and justified. The expected response characteristics
of the fire detection devices installed in the storage building are calculated and the fire size and
the time of detector for the scenario is also calculated.
As described in the introduction when detailing the storage unit, the fourth floor of this storage
building has an apartment on the fourth floor. This apartment consists of two bedrooms, one
restroom and one bathroom, a living room area and a kitchen area totaling 1,242 square feet.
The apartment has a 60-minute horizontal separation per IBC (2012) 711.3 between R-3 and S1. There is a staircase right in front of the apartment door.
Right next to the apartment there are two B storage units size 5x10, 50 square feet each. The
separation between the apartment and the storage units is also a 60-minute fire partition per
IBC (2012) Section 708.3 between R-3 and S-1.
For the fire scenario selected a fire started in the apartment kitchen due to the stove being left
on in the morning when the owner was cooking pancakes for breakfast. The layout of the
apartment is presented in Figure # 28. The owner happened to lower the stove heat as he was
cooking the last pancake, sat down the eat the stack of pancakes he had already cooked and
forgot to turn of the stove off after he was done eating. He looked at the clock and saw that he
was running late to go downstairs and open the building. The owner left and the pancake left
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on the pan on the stove began to burn. As the pancake burned smoke started to develop, but
the stove smoke hood was not on and smoke began to enclose the kitchen.
The sprinkler heads in the apartment will activate at 135 ◦F. The smoke begins to fill the kitchen
and spreads to the living room. Based on how the fire started and how it is traveling, we will
assume it copies the behavior of a slow fire. The fire grows as a slow t-squared fire with a fire
growth coefficient of α = 0.003 kW/s2 (this is the fire growth coefficient value for a slow fire,
LSC 2012). At about 6 minutes after the owner has left, the sprinkler head activates.
Now the owner is downstairs opening the up the doors when he hears smoke alarm and
remembers the stove.
The response time for a typical sprinkler head located in the apartment unit was determined by
utilizing the DETACT implementation spreadsheet as seen below In Table #14.
The ceiling height input parameter represents the height above the fire. For this scenario, the
ceiling height is 10 feet. Most stoves are 36 inches high, therefore the height above the fire is
the ceiling height minus the height of the stove (10 ft.-3 ft. =7 ft. or 2.13m). The radial distance
represents the horizontal distance from the fire to the smoke detector. In this case the nearest
sprinkler head is about 4 feet from the stove. The ambient temperature is assumed to be 20 ◦C
and from the sprinkler cut sheet it was determined that the actuation temperature is 57◦C. The
specific RTI was not provided on the sprinkler cut sheet, but since it is a quick repose head, an
RTI of 50 (m-s)1/2 was assigned.
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Figure #28-Apartment Layout

Table #14 DETACT Input Parameters-Fire Sprinkler Response Time
INPUT PARAMETERS
Ceiling height (H)
Radial distance ( R )
Ambient temperature (To)
Actuation temperature (Td)
Response time index (RTI_
Fire growth power (n)
Fire growth coefficient (k)
Time step (dt)

2.13 m
1.2 m
25 c
57
50
2
0.003
2

c
(m-s)2
Kw/s n
s

CALC PARAMETERS
R/H
dT(ci)/Dt (pl)
u(ci)/u(pl)

0.567
0.438
0.321

Rep. t 2 coeff.
Slow
Medium
Fast
Ultrafast

k
0.003
0.012
0.047
0.400
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Figure #29 DETACT Results- Fire Sprinkler Response Time
The DETACT model is also shown graphically in Figure # 29 above. Based on the results
presented above, a sprinkler will operate in approximately 394 seconds (6.5 minutes) with an
approximate HRR of 465.7 kW.

Fire Alarm System Types and Requirements
The type of fire alarm system installed in the storage unit is analyzed to describe the
requirements for disposition of alarm, supervisory and trouble signals. The fire alarm control
panel found in this storage building is the Silent Knight by Honeywell IntelliKnight 5808 Single
Loop Addressable Fire Alarm Control System. The 5808 features a powerful built-in dual line fire
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communicator that allows for reporting of all system activity to a remote monitoring location.
The Fire Alarm Control Panel is located on the first floor of the building in the electrical room.
For this Fire Alarm system, a 5860 Remote Annunciator was added. This annunciator, can be
used to operate and program the IntelliKnight 5805 Fire Alarm Control Panel. The annunciator
is located on the first floor in the office area. An Intelligent Relay module was also added to the
Fire Alarm system. The SK- Relay allows the FACP to switch discrete contacts by code command.
When an event occurs that controls the SK-Relay, the relay is triggered by the FACP. Another
feature added to the FACP is an Intelligent Dual Monitor Module, capable of monitoring two
circuits, with unique addresses, simultaneously.
NFPA 72 details the requirements for disposition of alarm and trouble signals.
Sections 10.9- Reponses: 10.9.1 Alarm. The response to an alarm signal shall be in accordance
with this Code.10.9.2 Pre-Alarm. The response to a pre-alarm signal shall be
in accordance with this Code.10.9.3 Supervisory. The response to a supervisory signal shall
be in accordance with this Code.10.9.4 Trouble. The response to trouble signal shall be in
accordance with this Code.
10.11 Alarm Signals: 10.11.3 Visible alarm strobe notification appliances shall not be activated
when speaker notification appliances are used as permitted by 24.3.5 for non-emergency
paging. (SIG-ECS)
10.11.4* A coded alarm signal shall consist of not less than three complete rounds of the
number transmitted.10.11.5 Each round of a coded alarm signal shall consist of not less than
three impulses.
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10.11.6* Resetting of alarm signals shall comply with 23.8.2.2.10.11.7 The subsequent
occurrence of a fault on an initiating device circuit or a signaling line circuit used for other than
the interconnection of control units shall not affect previously transmitted unacknowledged
alarm signals.
10.12 Fire Alarm Notification Appliances Deactivation: 10.12.5.1 Subsequent actuation of
nonaddressable initiating devices on other initiating device circuits shall cause the notification
appliances to reactivate.10.12.5.2 Subsequent actuation of addressable alarm initiating
devices of a different type in the same room or addressable alarm initiating devices in a
different room on signaling line circuits shall cause the notification appliances to
reactivate.10.12.6 A fire alarm notification deactivation means that remains in the deactivated
position when there is no alarm condition shall operate an audible trouble notification appliance
until the means is restored to normal.
10.13 Supervisory Signals 10.13.1 Self-Restoring Supervisory Signal Indication. Visible
and audible indication of self-restoring supervisory signals and visible indication of their
restoration to normal shall be automatically indicated within 90 seconds at the following
locations:
(1) Fire alarm control unit for local fire alarm systems
(2) Building fire command center for in-building fire emergency voice/alarm communications
systems
(3) Supervising station location for systems installed in compliance with Chapter 26
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10.14 Trouble signals: 10.14.1 Trouble signals and their restoration to normal shall be indicated
within 200 seconds at the locations identified in 10.14.7 and 10.14.8. 10.14.2 Indication of
primary power failure trouble signals transmitted to a supervising station shall be in accordance
with 10.6.9.3.

Alarm Notification Appliances
This module requires the identification of types and locations of alarm modification devices
installed in this self-storage building and to determine if the location, spacing and placement of
the alarm notification appliances installed in the building comply with the requirements of the
National Fire Alarm Code.
Per NFPA 72 section 18.4 Audible Characteristics and Table A.18.4.3 Average Ambient Sound
Level According to Location, each type of location has an average ambient sound level
requirement. Storage Occupancies have a requirement of an average ambient sound level of
30 dBA plus at least15 additional dBA above average ambient sound level, Table #15.
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Table #15 Average Ambient Sound Level According to Location

Location requirements for audible appliances allows ceiling-mounted or recessed appliances
(18.4.8.2). Wall mounted appliances shall have tops located not less than 90 inches AFF and not
less than 6 inches below finishing ceiling.
Visible fire alarm notification appliances are often intended only to augment audible
appliances. Visible appliances may be the primary means of occupant notification in
emergencies for hearing impaired persons in the protected area or when ambient noise levels
are too high. Per NFPA 72 section 18.5.4 , wall mounted appliances shall be located such that
the entire lens is between 80-96 inches AFF. Spacing in rooms, section 18.5.4.3, requires that
spacing be in accordance to tables Table #16 Room Spacing for Wall-Mounted Visible
Appliances and Table #17 Room Spacing for Ceiling- Mounted Visible Appliances-
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Table #16 Room Spacing for Wall-Mounted Visible
Appliances

Table #17 Room Spacing for Wall-Mounted Visible
Appliances

The types of initiating devices found in this building are detailed in the section titled Fire Alarm
System Types and Requirements of this report. The building plans shown in the Appendix at the
end of the Fire and Alarm Systems analysis show that location of these devices and
demonstrate the complinence of the spacing with the code.

Mass Notification Systmes
Mass notification systems are used to help inform the people inside the building if they need to
evacuate or what to do in case of an emergency. Mass notification systems can also assist
emergency respond personnel in managing movement of building occupants and fire fighters
during fire and other emergencies. There are multiple types of mass notification systems that
can be used based on the need and occupancy of the building. When mass notification systems
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are controlling building life safety systems, the mass notification systems equipment shall be
listed for ANSI/UL 864 (NFPA 72 24.5.22.2.1).
This self-storage building does not have mass notification systems. Places like this don’t have a
significant number of occupants. People that visit the storage units come and go at different
times while the building is open. No massive crowds of people need to be moved.

Power Requirements for Fire Alarm and Communication Systems
This section describes the secondary power supply to determine if the secondary supply
provided with the fire alarm system is adequate and appropriate for this purpose.
The results are tabulated below and were presented on the fire alarm drawings. For systems
with a generator serving life safety branch NFPA 72 section 10.5.6.1.1 only requires a battery
capacity sufficient to operate the system in standby for 24 hours, followed by alarm for 5
minutes. For these calculations presented in Figure #30, the secondary power supply provided
with the fire alarm system is adequate and appropriate, the spare capacity resulted in 4.47 A.H.
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Figure #30 Battery Sizing Calculation and Voltage Drop Calculation

System Inspection, Testing and Maintenance
For this module, the requirement is to identify the inspection and maintenance requirements
for the fire alarm system and components installed in the building.
Fire alarm systems can be complex systems that serve vital fire and life safety function and
consequently, it is important for fire alarm systems to be properly inspected, tested and
maintained to ensure they perform their intended function.
NFPA 72 Section 14.3 Inspections requires visual inspections to be performed in accordance
with Table 14.3.1 or more often if required by the authority having jurisdiction. The table lists
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the component that needs to be tested along with the periodic frequency that the item needs
to be tested and the method to tested. All the details are found in the Fire Detection and Alarm
Systems Appendix. Per this table the fire alarm panel is required to be inspected annually. The
trouble signals are required to be inspected weekly and semiannually. Table 14.3.2 lists the
testing methods required to make sure each component is operating correctly. Maintenance of
a fire alarm systems shall be conducted per the manufacturers published instruction (14.4.6.2).
Section 14.6.2 requires that after successful completions of acceptance tests approves by
authority having jurisdiction maintenance, inspection and testing records shall be retained until
the next test and 1 year after. (14.6.2.2) For systems with restorable fixed-temperature, spottype heat detectors tested over multiple years, records shall be retained for the 5 years of
testing and 1 year thereafter.

Summary
In summary, Fire Detection and Alarm Systems details the analysis of the fire alarm system and
its components. In this section, we discussed the type of fire alarm components found in an
alarm system, the spacing and the importance of selecting and spacing the components
correctly.
The type and location of the fire alarm components were identified and a fire scenario was
analyzed to understand the performance of the system. Reference to the guiding code, NFPA
72, was made throughout the section to support the discussion. Based on this analysis, the
building fire detection and alarm system requirements were met. The following section after
the appendix will discuss performance based design.
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Fire Detection and Alarm Systems Appendix
•
•
•

Fire Alarm Plans, Level 1-4
Product Data Sheets
DETACT Model- Sprinkler Actuation
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Performance Based Design
The design of ATX Storage has followed many regulations to make sure that this is a safe
building that can protect its occupants, but mainly the building itself. Though the building
meets these regulations, unexpected things in building construction can happen. Unexpected
events beyond the design like structural framing exposed to corrosion can happen leading to
unexpected outcomes in a fire event. A different challenge the design team usually faces is
being unable to plan for every possible configuration that a building can have. One can quickly
understand that no amount of empirical data set would cover all possible scenarios, let alone
deviations from such designs.

Goal and Expectations
The performance based design will be used to investigate the adequacy of prescriptive code
requirements applied to specific fire scenarios and performance criteria. The criteria for this fire
scenario will be based on LSC section 5.4, specifically 5.4.3 and 5.4.5.4.
5.4.3 Building Characteristics- Characteristics of the building or its contents, equipment, or
operations that are not inherent in the design specifications, but that affect occupant behavior
or the rate of hazard development, shall be explicitly identified.
5.4.5.3 Number of Occupants- The design shall be based the maximum number of people that
every occupied room or area is expected to contain. Where the success or failure of the design
is contingent on the number of occupants not exceeding a specific maximum, operational
controls shall be used to ensure that the maximum number of occupants is not exceeded.
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ATX Storage is a low occupant building that is expected only to have a handful of people at a
time due to the type of business it follows. This building serves to store things like furniture and
clothing. The people who use this building trust in its ability to keep their things safe in this
building. The arrangement of stored materials impacts the potential for fire spread. Storage
occupancies are vulnerable to incendiary acts because they often present an inviting target for
those who wish to cause a great deal of damage and disruption. Often an arsonist can enter
and start a fire without being detected.

Goal: Life Safety
The life safety hazard in a storage occupancy depends on several factors. These include the
materials stored, the storage configuration, construction of the building, the type and design of
the fire protection system provided and the number, arrangement and location of the exits
provided.
Objective: Property Protection
Fire in a storage area can develop and spread rapidly. Although the occupant load is generally
light in a storage occupancy, the means of emergency egress is a concern. In multilevel
buildings, smoke and heat from fires below can rapidly block a means of egress on an upper
level, it is important for the fire alarm and suppression system to work to control a fire and
alert emergency response with enough time to protect the building and property inside.
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The overall goal of this performance based analysis is to determine if this storage is equipped to
protect its contents.

Fire Model Scenario Selection
Chapter 5 of the of the LSC guided the selection of an appropriate fire scenario. From the eight
options of design fire scenarios listed, one stood out the most as reasonable to portray a
potential fire scenario that can happen at ATX Storage.
Design Fire Scenario 6- Design Fire Scenario 6 shall be described as follows:
(1) It is the most severe fire resulting from the largest possible fuel load characteristics of
the normal operation of the building.
(2) It addresses the concern regarding a rapidly developing fire with occupants present.
This scenario was modeled because it represents what can happen in an arson scenario where a
fire is started in a storage unit completely full with furniture, a mattress, and bags and boxes
full of clothes. This fire scenario was also chosen because it provides a worse case fire exposure
and evaluates the adequacy of the fire and life safety systems. In a low occupancy building like
this storage facility, the notification of a fire will depend on the fire systems present. Due to the
large fuel load, the potential for the fire to affect areas beyond the area of origin, and the
potential for the fire to develop unnoticed by building occupant makes this fire scenario a good
match for this building.
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Fire Modeling Tool
For this analysis, FDS (Fire Dynamics Simulator) was used to model the design fire scenario. This
tool is supported by NIST (National Institute of Standards and Technology). FDS is a tool based
on conservation equations of mass, momentum and energy with regards to the fire source and
modeled space.

Fire Design
The following assumptions and determinations were made when designing the FDS simulation
as seen on Figure #31:
•

The unit used as guide for the model is located on the first floor size 10ft x10ft and
assuming a height of 8 feet.

•

The roll up door in this unit is assumed opened

•

The rest of the units doors are closed

•

The walls and ceiling can be represented by gypsum wall boards and the floors by
concrete

•

The fire itself is taken to involve a mattress leaning against one of the side walls towards
the front of the unit and started on purpose as arson. Validation of the heat release rate
of the mattress is provided by the study called “Heat Release Rates of Burning Items in
Fires” by Hyeong-Jin Kim and David G. Lilley. The data was abstracted from testing a
mattress under a full-scale furniture calorimeter test. Below is the heat release rate

94

ATX Storage
Salcedo, Perla

curve used to understand the behavior of a mattress in a fire. The curve does not show
the effect of the sprinkler present inside the storage unit.
•

There are different mattress sizes available, but for this test a full size was used. The size
of a full mattress id 54”(W) x 75” (L).

From the study “ Effects of Thickness and Ignition Location on Flame Rates in Furniture
Calorimeter of Polyurethane Foam” by E.J. Weckman, polyurethane foam is used
extensively in mattress and furnishings. Understanding the fire behavior of these
products is very important since if ignited they represent a significant danger due to the
HRR , as well as the total energy released as they burn. Figure # 30 shows the HRR
behavior of the mattress being modeled.

Figure #30 Mattress Heat Release Rate
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The simulation run time was 40 minutes. The potential for fire to spread to adjacent contents
within the storage is possible, therefore the fuel potential is not limited for the time under
consideration. Though the graph above does not include the effects of the sprinkler, the effect
of the automatic sprinkler can be modeled in FDS. Once the sprinkler system is activated it can
limit the spread of the fire and in FDS this means the heat release rate at the time of activation
will be held constant. The FDS mesh size is to be 0.2 m. It is assumed that this is a ramp fire with
a 660 kW heat release rate at a fast growth rate. The image below represents the storage unit
modeled in FDS with a full size mattress.
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Figure #31 A screenshot of the FDS set up

Results
The FDS simulation results show a minimum tenability period of 2 minutes 30 seconds. Visibility
tenability criteria is exceeded with regards to the smoke layer height at 2 minutes, 30 seconds.

The FDS simulation showed that the time to the first sprinkler activation is 54.60 seconds. This
is shown in Figure #32, which presents a graph of the sprinkler temperature. The sprinkler is
Victaulic, quick, upright, model v27 with a k-factor of 5.6 and activation temperature of 155 F.
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Figure #32 Fire Design Sprinkler Temperature vs. Time
The heat release rate at the time of sprinkler activation was approximately 350 kW as shown in
Figure #33. The heat release rate slowly increasing until it reaches the activation heat the
sprinkler needs.
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Figure #33 Design Fire Heat Release Rate vs. Time
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Occupant Characteristics
ATX Storage will typically not be full of people. Based on the occupancy analysis found in “Use
and Occupancy Classification, Building Type and Fire and Smoke Protection Features” section of
this report, at the most there will be 10 people in the building. There will usually be 2 facility
staff to assist the customers. The facility staff are adults who are familiar with the building
layout, trained to act as facilitators for evacuations and moderate swift egress movement.
Visitors/ customer will visit the facility to take something from a storage unit they have or a
new customer will come in to rent a new unit and unload things to store. The staff will probably
show a new customer around, so the new customer will be familiar with how to get to their
unit and back to the entrance.

Components of Travel Time
As described in NFPA Handbook chapter 4, there are four parts to determining RSET:
1. Time to notification
2. Reaction Time
3. Pre-evacuation activity time
4. Travel/Movement Time
NFPA Handbook Table 4.2.1 provides the results of the delay times for different scenarios. The
closest one that can matches to ATX Storage is a three story department store. The scenario
here is an unannounced drill; trained staff and the times are distilled from analysis of
videotapes.
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For this building there is a mix of typical and unique activities that the building occupants are
likely to engage in before beginning the evacuation process. The typical activities include:
•

The visitors will roll down the storage unit door and lock it

•

The staff would gather important documentation and move on to make an
announcement to evacuate the building

Chapter 4 of the NFPA Handbook discusses delay time and pre-movement time. The delay plus
pre-movement time for this similar scenario 0.6 minutes or 36 seconds.
Determining an appropriate travel time will start with the assumption that the fire will start a
storage unit on the first floor toward the end of the hall near elevator 2. This in turn can
possibly prevent the use of the back hall and back exit. The occupants would need to use the
egress exits towards the front of the building. It will also be assumed that we are looking for the
RSET for people near or inside that storage to make it out of the building.

RSET for Design Fire
Determining an appropriate travel time for ATX Storage will start the assumptions that the only
egress components affected by the fire will be the back hallway and backdoor exit since the
storage unit modeled is towards the back of the building. For the storage unit fire scenario, the
procedure for calculating the travel time is as follows:
1. Calculate the time for the occupants in first floor to exit the building
•

Maximum travel distance 206 ft. (Figure #34)

•

Travel speed 235 ft./min [ Handbook Table 4.2.7]
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•

Travel Time 53 seconds

Figure #34 Travel Distnce/ Travel Speed

It should take 53 seconds or less for the occupants to reach the exit when on the first floor.
Notification of the fire should happen at the time of activation of the sprinkler which according
to FDS occurs at 54.60 seconds. The delay/pre-movement time is 36 seconds.The RSET for the
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first floor which is the location of the design fire is found by taking the total of the RSET
components, 110 seconds ( 36+53+54.60), and multiplying it by a safety factor of 1.2. The total
RSET is 132.72 seconds.

RSET vs ASET
The analysis of the design fire was found that ASET (2 minutes, 30 seconds) exceeds RSET (2
minutes, 12 seconds). It is recommended that the fire model be extended to include the fire
and smoke traveling outside of the storage unit into the halls to determine how that would
affect the evacuation time. In the analysis presented the fire was only within the storage unit
and from this we do not know how the halls and exits will be affected. The ASET calculated was
only based in the smoke behavior inside the storage unit. A different result would come from
analyzing the smoke and fire traveling through the halls.

Summary
The performance based design analysis presented above has affirmed that the prescriptive
requirements for the fire and life safety systems at the ATX Storage are adequate to meet the
goals of activating the fire alarm systems with enough time to protect the property. This
conclusion was reached by modeling a fire on FDS to see how fast the sprinkler head within the
unit would take to activate. The fire design came from the idea of an arson fire. These storage
units are typically locked and secure in the building, but in the design fire the unit door would
be open and the arsonist would initiate the fie by starting a fire with the mattress within the
unit then closing it to not draw attention.
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From the analysis of the fire it was calculated that the ASET time would be 2 minutes and 30
seconds exceeding the calculated RSET time of 2 minutes and 12 seconds. From these numbers
it can be concluded that there is just enough time for the occupants to evacuate the building in
a fire scenario like this and for the building to be saved. This can go back to the type of business
and occupancy of ATX Storage. This building isn’t expected to have a lot of people at any given
time, therefore the purpose of the alarm system tools and the suppression system are to
activate and protect the contents and building itself.
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Summary of Report Findings and Recommendations
A summary of this fire and life safety report is provided below.
Section 1: Project Introduction
ATX Storage is a new building intended to be place for people to store things. It is located in
Austin, TX and is composed of four floors full of different size storage units. It sits at a corner of
two streets, next to a neighboring building and a parking lot.
Section 2: Use and Occupancy Classification, Building Type, and Fire and Smoke Protection
Features
The selection of Type II -protected non-combustible fits the purpose of the building. The
recommendation here would be to change the exit path from the apartment to the stairwell to
offer protection to people evacuating the apartment during a fire scenario.
Section 3: Interior Finish and Flammability Assessment
Interior finishes will need to be monitored to ensure compliance with the basic prescriptive
requirements as discussed in Section 3. What is stored in the units can present a challenge in
this building, therefore everything going in the building units must be monitored. It may be
necessary to limit the use of materials that are acceptable to prescriptive requirements along
with everything being stored.
Section 4: Fire Alarm System
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Smoke detectors mounted on the wall along with duct smoke detectors are the primary means
of automatic fire detection followed by heat detectors mounted on the ceiling. Fire sprinklers
are the primary means of detection for the suppression system. All three of these tools are
located throughout the building. It is important for these tools to function properly since the
main purpose of the building is to protect the property inside. The alarm system allows for
reporting of all system activities to a remote monitored location.
Section 5: Automatic Fire Sprinkler System
The fire sprinkler system design for ATX Storage is adequate based on the water supply and
pump being able to provide enough water and pressure to the sprinkler head and standpipes.
Demand for the sprinklers is calculated to be 312.9 gallons while the sandpipes requires a total
of 750 gallons. The public water supply provides 1186 gallons, and 56 psi of static pressure
leading the design team to add a fire pump to meet the demand of the standpipes, 750 gallons
and 70 psi. The recommendation here would be to update the fire suppression calculations to
update remote areas to fourth floor locations like the apartment in order to determine if the
water suppression system will be able to deliver water to those further remote locations.
Section 6: Performance Based Design
The performance based design was used to determine if the prescriptive requirements were
enough to provide the activation of the sprinkler and fire alarm system with significant amount
of time for occupants present to evacuate and save the property. Based on the results the
sprinkler in this scenario activated at 54.60 seconds. An RSET value of about 2 minutes 12
seconds was determined based on how much time a person would need to evacuate the
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building in a scenario like this. If the person was on the first floor at the farthest point for the
exit, the required time needed to evacuate would be 2 minutes and 12 seconds. Same goes for
the someone on the 4th floor, they would have to travel the same distance to stairwell door,
once in the stairwell they would be protected since the stairwell offer a 1-hour protection, then
they would walk down to the exit. The ASET value is about 2 minutes and 30 seconds minutes
which is enough for occupants to exit the building based on the RSET value.
The challenge with this building is the lack of occupants. The overall goal is to protect the
property itself. The few occupants present will have time to evacuate the building in a scenario
like this. The fire presented is only on in a million of the possible scenarios that can occur. The
design team planned on protecting the building as well as to give occupant enough time to
evacuate, but there might be a fire one day that is too overwhelming for the systems installed
leading it to fail. For now, the prescriptive requirements are enough to protect the building and
the occupants within.
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